
(1) Occupatio& Cancer 

Since the observation i n  1775 that the incidence of s c ro t a l  cancer 
was unusually high i n  chimney sweeps, our knowledge of environmental cancer 
i n  man has been ch ief ly  based on s tudies  of occupational groups with unusually 
high cancer ra tes ,  
response, and r e l a t ion  of types of cancer t o  environmental agents has been 
based on detai led s tudies  of occupational cancer, 
on the environmental aspects of lung cancer have been obtained i n  the  general 
population with invest igat ion of such fac tors  as c igare t te  smoking and air 
pollut ion as causal agents. A p a r t i a l  l i s t  of occupations as they per ta in  
t o  cancer of the lung fallows: 

O u r  knowledge of such fac tors  as l a t e n t  period, dose 

More recently, similar data 

Radioactive or mining and smelting 
Coke oven operators 
Gas works operators 
C h r o m i u m  ore re f in ing  
Nickel ore re f in ing  
Asbestos mining and use 
Welders, Steam f i t t e r s ,  Short order cooks, 

Crane operators, Foundry workers 

A t  present, occupational cancer of fe rs  two addi t ional  unique 
opportunities for research. (I) The growth i n  number, efficiency, and 
r e l i a b i l i t y  of hospi ta l  cancer r eg i s t r i e s ,  s t a t e  tumor  r eg i s t r i e s ,  as well  
as a most laudable s p i r i t  of willingness and cooperation on the pa r t  of 
industry (pr ivate  corporations as wel l  as nationwide trade associations ) 
makes it now appear feasible  t o  determine the ac tua l  contribution of occupa- 
t i o n a l  cancer t o  the to ta l  cancer spectrum i n  the United States. The increment 
represented by occupationally determined or occupationally caused cancers 
may be as l i t t l e  as 2 t o  5% or as much as 35 t o  5G$* 
we are a w e  of t h i s  and since correction of occupational cancer environments 
has thus far been the most e f fec t ive  means of cancer control, a long-term 
study t o  determine its ac tua l  significance seems timely and important, 
Further, the study w i l l  inevi tably contribute t o  our more accurately assessing 
the ro l e  of non-occupational environmental fac tors  and cancer. ( 2 )  The 
second opportunity provided by s tudies  i n  occupational cancer is that persons 
a t  higher r i s k  t o  cancer of any s i t e  because of occupational experience make 
up prime population groups f o r  fundamental s tud ies  on the pro-neoplastic and 
pre-neoplastic s ta tes ,  The farmer term describes individuals a t  higher r i s k  
t o  cancer because of the spec i f ic  environment i n  which they mrk; the  l a t t e r  
describes individuals who i n  addi t ion t o  being i n  a high r i s k  environment 
have ce r t a in  pathological or other b io logica l  stigmata i rd ica t ing  the e a r l i e s t  
s tages  of t i s sue  react ions including benign les ions which may progress to 
overt  cancer. Such pa t ien ts  can be studied using such recent, inportant,  and 
relevant techniques of cytogenetics (chromosomal s tudies  f o r  the presence of 
abnormalities which may herald an oncoming cancer), biochemistry i n  which 
metabolic abnormalities i n  t a rge t  organ si tes may be iden t i f i ed  by enzymes 
and o ther  pro te in  studies,  and histopathological,  histochemical and electron 
microscopic s tudies  of c e l l s  f r o m  organ or organ systems a t  high risk. 

We do not 'know. Because 
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(2)  Double Primary 

An excit ing and po ten t i a l ly  very useful t o o l  i n  studying the 
causes of cancer is the growing recognition and supporting evidence that 
a person with a previously diagnosed, successfully t rea ted  cancer is a t  
greater  risk t o  a second, independent primary cancer than appropriate 
controls, Recently, the successful treatment of cancer has permitted 
pa t ien ts  to  survive long enough t o  develop a second cancer, 
of a second tumor i s  of c r i t i c a l  importance as it may wel l  indicate  a 
systemic fac tgr  i n  suscept fb i l i ty  t o  cancer induction. Though thls has 
long-beck suspected, this appears t o  be the f i r s t  time we have the avail- 
a b i l i t y  of model systems t o  study t h i s  important problem, For example, 
a pa t ien t  w i t h  oral cancer who has been t r ea t ed  and cured is  perhaps at  
f i f t y  times the risk t o  esophageal cancer compared t o  appropriately selected 
controls. Similarly, iFcreased ____ r i s k  t o  v i sce ra l  cancer (cancer of i n t e rna l  
organs) has been observed i n  pa t ien ts  with cancer i n  sE6 =-€he skin. 
Associations of t h i s  kind permit the use o f  these g t i e n t s  f o r  fundamental 
biochemical, physiolugical, and pharmacological s tudies  of the pro-malignant 
or pre-malignant state a8 noted above under occupational cancer. 

(3)  

This development 
I _._-- 

Metabulic Approach t o  Epidemiolugic Observations on Selected Populations 

Just as it has been long known t h a t  during an  epidemic of an 
infect ious disease not a l l  of the exposed population succumbs, so i n  high 
risk cancer environments not a l l  of the exposed develop cancer, For 
infectious diseases, an Fmmunologic bas i s  f o r  pat terns  of residence and 
suscep t ib i l i t y  appear t o  a c a  unt f o r  the epidemiologic observations, 
neoplastic disease, a possible explanation may reside i n  the capabi l i ty  of 
the  host t o  met-uze, d e t m i f y  and excrete environmental carcinogens, 
Specifically,  one m y  ask,'%?hy by far do m a s t  of those two-pack-a-day, twenty- 
year c igare t te  smokers not  develop lung cancer?" 
complex and cer ta in ly  involves such fac tors  as in t ens i ty  and duration of 
exposure (dose), age a t  onset of exposure, and frequency of in te rva ls  of 
exposure as wel l  as host fac tors  which appear t o  be operative i n  es tabl ishing 
"suscept ibi l i ty"  and "resistance." Per t inent  and r e l a t ive  t o  this is the 
observation that populations migrating from country t o  country as well  as 
from rural t o  urban areas s ign i f icant ly  alter their risk t o  cancer of 
v i r t u a l l y  a l l  sites, 
and mortal i ty  rates of t h e  country t o  which they have immigrated, 
others, they r e t a i n  the  pa t te rn  of the  country from wbich they emigrated, 
This can be manifested by e i t k r  an increase or  decrease i n  r i s k  t o  cancer 
of a cer ta in ,  spec i f ic  s i te .  

I n  

-- __ 

The explanation i s  most 

For cancers of some sites, they adopt the r i s k  pa t te rn  
For 

I believe we are  ready t o  invest igate  the possible metabolic bases 
f o r  these differences i n  suscep t ib i l i t y  and al terat ions i n  risk, Environmental 
carcinogens do not d i f f e r  e s sen t i a l ly  f r o m  other  environmental, toxic  agents 
i n  that they too have t o  undergo metabolic change i n  the body e i t h e r  f o r  the 
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theoretical. poss ib i l i t y  of &ificiSl;lly buffering o r  protecting tihe various 
organs against enzyme-neutralizing or  enzyme-destroying environmental sub- 
stances, or conversely, a r t i f i c i a l l y  stimifiating enzyme systems so  t h a t  they 

I 7,J t, 
L.- 

[ * c  LF' 

Chemical carcinogens m introduced i n t o  t h e  general environment 
,;/ut i ~ 7' as const i tutents  of coaplex mixtureso 
' <. %";,&. &).nl taneouslyr  I n  c igare t te  smoke, aubexhaust, i ndus t r i a l  eff luents ,  

and polluted urban air, for example, i n  addition t o  the  carcinogens, numerous 
s t ructural ly-related non-carcinogenic compounds are w u d l y  enitted in to  the  
environment as pa r t  of tbe pol lutant  m i x t u r e D  These combinations of related 
compounds (Isomers - same chemical composition but  s t ruc tu ra l ly  different ;  and 
Analogues - s i m i l m  but not i den t i ca l  i n  chemical composition and s t ruc ture)  
reaet with one another as w e l l  as with the  host systen they are attacking, 
It has been shown t h a t  carcinogenic potency of these environmental. agents i s  

Several carcinogenic agents are present 
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s ign i f i can t ly  r e l a t ed  t o  the r a t i o  of these various comgounds t o  one another, 
Experimentally, it has been possible,  through purposefully a l t e r i n g  the 
r a t i o  of these compounds t o  one another, t o  eliminate carcinogenic potency 
without the  necessi ty  of laboriously eliminating the carcinogenic consti- 
tuents  of a mixture, 
The h p l i c a t i o n s  for  t h i s  i n  the control  of sources of environmental carcino- 
gens are great,  The mechanism of the"anticarcinugenic e f fec t"  i s  not 
completely understood though we have learned more about it i n  the last  f ex  
years than the preceding decades, 
ult imate goal  i n  terms of cancer control  is the a b i l i t y  t o  in ten t iona l ly  
a l t e r  and control  r a t i o s  of  t he  various compounds t o  one another t o  make 
sources of carcinogens l e s s  hazardous o r  completely f r e e  of hazard, One 
can only guess whether "safe pol luted urban air" o r  "a safe  c igare t te"  i s  
possible. 
b e t t e r  than a 50-50 chance that this is so, the approach suggested here is 
promising, 
f r u i t f u l  approach f o r  the  study of basic  mechanisms as well  as appl icat ion 
t o  cancer control  i n  those organ o r  organ systems t h a t  a r e  t a rge t s  f o r  
environmental carcinogens which may be buffered or protected using the 
anbicarcinogenesis pr inciple ,  

I n  essence, the carcinogens i n  the environment are drowned, 

This area is r ipe  f o r  exploitation, Its 

I f  this is a tenable hypothesis, and I would guess t h a t  there  i s  

From a host viewpoint, anticarcinogenesis is also a po ten t i a l ly  

( 5 )  Familial  €lancer and Association of Cancer and Congenital Abnormalities 

The r o l e  of genetics or heredi ty  i n  the  Mendelian sense i n  suscep- 
t i b i l i t y  t o  cancer i s  r e a l l y  unknown; nevertheless, severa l  recent  observations 
can contribute t o  our a b i l i t y  t o  assess  the ro l e  of inheritance through the 
study of defined populatians with unique pa t te rns  of cancer incidence, 

It has been shown that f u r  cancer of spec i f ic  s i t e s ,  ce r t a in  
famil ies  have higher r a t e s  than expected. 
bladder has been shown t o  occur a t  a f a n t a s t i c a l l y  higher r a t e  i n  severa l  
melnbers of a few famil ies  whose genealogies have been s-txldied. 
these famil ies  have abnormalities i n  the metabolism of an amino acid, 
tryptophane, which i n  experimental s tudies  has been shown t o  be concerned 
with the pathogenesis of ur inary bladder cancer. 
of "e r rors  i n  metabolism" i n  r e l a t i o n  to  cancer i s  unknown. It may be of 
overwhelming s ignif icance o r  qui te  unimportant. 
instance t h a t  major errors i n  metabolism can r e s u l t  i n  such non-cancerous 
disease as phenylketonuria and galactosemia, cyst inuria ,  e tc ,  
is: 
or fat  metabolism be manifested over the long period by suscep t ib i l i t y  t o  
cancer?" 
of designing experiments predicated on epidemiologic and biometric obser- 
vations can assure meaningful s tud ies  of the ro l e  of genetic f ac to r s  i n  
cancer a t  t h i s  time, 

For instance, cancer of the ur inary 

Further, 

The extent  and universa l i ty  

Nevertheless, we know f o r  

The question 
"Could the lower, more subt le  l e v e l  of e r ro r s  i n  amino acid, carbohydrate, 

The a b i l i t y  t o  study large populations and the more recent  capabi l i ty  

It has been shown t h a t  the congenital a b n o m l i t y ,  mngolism, is 
associated with an  increased r i s k  to leukemia in children (Down's Syndrome). 
More recent ly  s tud ies  have shown t h a t  a whole se r i e s  of congenital  abnor- 
mal i t ies  a r e  associated with increased 3;"isk t o  other  cancers, as f o r  exmple,  
W i l m ' s  tumor of the kidney. One may ask i f  indeed congenital  abnomHt ie s  
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and cancer are the results of the same environmental agents with d i f f e ren t  
c l i n i c a l  manifestations since, i n  the former, it i s  the embryo and f e tus  that 
are  attacked while i n  the l a t t e r ,  it i s  the fully developed individual. A 
new approach t o  the study of cancer causation, therefore,  appears feas ib le  
for it is known that i f  two diseases appear t o  be e t io log ica l ly  r e l a t ed  the 
more t h a t  we learn  about one, the more we inevi tab ly  knuw about the second. 
Controlled experimental and laboratory s tudies  and populations i n  this area  
can now be undertaken. 

(6) Natural  Product Carcinogenesis - 
It is understandable t h a t  a soc ie ty  invest igat ing disease pa t te rns  

wfiich appear temporally re la ted  t o  man-made changes i n  the environment would 
assume that the recent changes may be responsible f o r  the new or  unique 
patterns,  We have recent ly  become aware, however, of the ever-growing 
importance of environmental carcinogens t h a t  are  the product of na tura l  agents. 
These include ce r t a in  botan ica l  substances and food s t u f f s  as well as 
w h a t  may be more important a t  present, in fec t ious  agents such as fungi. 
These l a t t e r  agents produce the  m c s t  potent chemical carcinogens we know, 
They a re  worldwide i n  t h e i r  d i s t r ibu t ion  and, more important perhaps, they 
begin t o  o f f e r  a p a r t i a l  explanation f o r  h i s t o r i c a l l y  unique cancer pa t te rns  
i n  non-industrial  or underdeveloped p a r t s  of the world, The ac tua l  combination 
of natural  product carcinogens t o  the  t o t a l  cancer spectrum i n  the United 
S ta t e s  i s  unknown, 
Sta t e s  and the recent experience with cancer of the l i v e r  i n  t r o u t  appears 
t o  be atOributable t o  a na tu ra l  product contaminating synthet ic  d i e t s  used 
i n  the feeding of f i s h  i n  commercial hatcheries. 
t o  devote as much a t t en t ion  t o  these na tu ra l  products as we do to  man-made 
carcinogens. 

Suffice it t o  say, t hey  have been iden t i f i ed  i n  t h  United 

It now appears Fmperative 

Invest igat ions in the foregoing areas  require close and intense cooperation 
between the National Cancer I n s t i t u t e  and a v i rhua l ly  unlimited number of 
un ivers i t ies ,  research i n s t i t u t e s ,  and laborator ies  i n  pr iva te  industry, 
The cen t r a l  ro l e  of the National Cancer I n s t i t u t e  is apparent i n  view of i t s  
a c c e s s i b i l i t y  t o  v i t a l  records pr imari ly  located i n  government bureaus as 
wel l  as i ts  a c c e s s i b i l i t y  t o  industry on a nationwide basis, These records 
provide much of the required base for epidemiological and biometric studies,  

The implementation of these s tud ies  would, of course, have t o  be on a bas i s  
of successive phases and would probably require  as long as a decade for the 
bene f i t s  t o  be measured i n  terms of hopefully reducing cancer r i sks ,  r a t e s ,  
as wel l  as increasing survival. 
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